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ACTIVE MATRIX DISPLAY AND METHOD
FOR PRODUCING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC 119 from
Japanese Patent Application No. 2007-90851, the disclosure
of which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic electrolumines-
cence element (organic EL device), an active matrix display
including a liquid crystal device, and a method for producing
the same.

2. Description of the Related Art

In recent years, flat panel displays including liquid crystal
devices, organic EL devices or the like are widely used. FIG.
6 schematically shows the structure of an organic EL device 1.
An anode 3, an organic EL layer 8 including a hole transport-
ing layer 4, an emitting layer 3, and an electron transporting
layer 6, a cathode 7, and the like are formed on a substrate 2
made of, for example, glass. Upon application of an electric
field to the electrodes 3 and 7 through leads 9, the region of the
emitting layer S sandwiched between the electrodes 3 and 7 1s
excited to emait light.

Commonly, when color display 1s desired, multiple pixels
emitting different colors such as red (R), green (), and blue
(B) are arrayed on a substrate in orthogonal directions, for
example, longitudinally and laterally, and the pixels are inde-
pendently driven.

These pixels are driven by a passive matrix system or an
active matrix system. Under the passive matrix system,
anodes, an organic EL layer, and cathodes are sequentially
formed on a substrate, and the intersections of the anodes and
cathodes are driven to serve as pixels, while under the active
matrix system, a TF'T (thin film transistor) 1s formed for each
pixel, and the pixel 1s driven by the TFT. Under the active
matrix system, a TFT 1s formed for each pixel, which makes
the structure more complex and 1increases the production cost
in comparison with the passive matrix system. However, the
active matrix system has advantages such as high definition,
high quality image, and large screens.

FIGS. 7 and 8 schematically show the basic structure of a
TFT. A gate 74, an 1nsulating {ilm 84, a semiconductor layer
76 made of amorphous silicon or polysilicon are sequentially
stacked on a substrate 68, and a source electrode 80 and a
drain electrode 82 are formed with a predetermined distance
L. between them on the silicon semiconductor layer 76. The
drain electrode 82 1s also connected to a pixel electrode 78.

Upon application of a predetermined voltage to the gate 74,
an electric current tlows between the source and drain through
the silicon semiconductor layer 76, thus the electric current 1s
supplied to the pixel electrode 78.

In an active matrix organic EL device, plural TFTs are
combined to make a circuit. A basic example 1s that of two
transistor type as shown in FIG. 9. A switching TF'T 92 and a
driving TFT 94 are provided for one pixel, and a capacitor 96
keeps the voltage between the gate and source of the driving,
TFT 94. These TFTs 92 and 94 are connected to a data line
100, a power supply lead 102, and a Scanmng line 104. When
the switching TFT 92 selected by the scanning line 104 and
the data line 100 1s turned on, the capacitor 96 1s charged to
turn on the drlvmg TFT 94, whereby a drain current flows to
make an organic EL pixel 98 emait light.
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Regarding the substrate, besides a glass substrate, a flexible
substrate made of a resin film or a thin metal plate 1s proposed

for displays (for example, Japanese Patent Application Laid-
Open (JP-A) Nos. 7-78690, 2002-135859, and 2004-361774).

However, particularly 1n cases where an active matrix display
1s made using a flexible substrate made of a resin film, the
substrate significantly changes 1n dimension in the produc-
tion process. When a TFT 1s made, holes (contact holes) are
made thereby contacting the source electrode and drain elec-
trode with the underlying semiconductor layer, so that the
dimensional change of the flexible substrate 1s influential. For
example, the position aberration of TFT's or the vanation 1n
the source-drain distance (channel length) significantly
alfects the pixel driving properties of the TFT's, which results
in the deterioration in the display performance.

In order to prevent the position aberration of TF'T's, there 1s
proposed an active matrix substrate having transistors includ-
ing functional lines each composed of a center line which has
conductive surface and which 1s coated with an insulating
layer and a semiconductor layer (JP-A No. 2003-174171).
However, under the method, functional lines having special
structures must be used, which increases the production cost
or complicates the manufacturing process.

SUMMARY OF THE INVENTION

The invention has been made 1n view of the above circum-
stances and provides the following active matrix display and
a method for producing the same.

A first aspect of the invention provides a method for pro-
ducing a display including forming a plurality of pixels
arrayed on a flexible substrate and independently driven by
TFTs, wherein the TF'T's are formed 1n such a manner that the
direction of the channel length between the source and drain
of each TFT 1s the direction of two orthogonal directions on
the substrate 1n which the substrate has a smaller dimensional
change ratio than the other direction.

A second aspect of the invention provides a display com-
prising a tlexible substrate and a plurality of pixels arrayed on
the substrate and independently driven by TF'T's, wherein the
TFTs are formed 1n such a manner that the direction of the
channel length between the source and drain of each TFT 1s
the direction of two orthogonal directions on the substrate in
which the substrate has a smaller dimensional change ratio
than the other direction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing the structure of one
pixel of an organic EL display made according to the present
invention.

FIG. 2A 1s a schematic view showing one step in the
production of the organic EL display shown 1n FIG. 1.

FIG. 2B 1s a schematic view showing another step in the
production of the organic EL display shown 1n FIG. 1.

FIG. 2C 1s a schematic view showing another step in the
production of the organic EL display shown 1n FIG. 1.

FIG. 3A 1s a schematic view showing another step in the
production of the organic EL display shown 1n FIG. 1.

FIG. 3B 1s a schematic view showing another step in the
production of the organic EL display shown 1n FIG. 1.

FIG. 3C 15 a schematic view showing another step in the
production of the organic ELL display shown 1n FIG. 1.

FIG. 4A 1s a schematic view showing another step in the
production of the organic ELL display shown 1n FIG. 1.

FIG. 4B 1s a schematic view showing another step in the
production of the organic EL display shown 1n FIG. 1.
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FIG. 4C 1s a schematic view showing another step 1n the
production of the organic EL display shown 1n FIG. 1.

FIG. 5 1s a schematic view showing an example of an
organic ELL display made according to the invention.

FIG. 6 is a schematic view showing an example of the >
structure of an organic EL device.

FI1G. 7 1s a plan view schematically showing an example of
the structure of a TFT.

FIG. 8 1s a cross sectional view schematically showing an
example of the structure of a TF'T.

FIG. 9 1s a circuit diagram showing the structure of an
organic ELL display of two transistor type.

FIG. 10 1s a schematic plan view illustrating the two
orthogonal directions on the substrate.
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DETAILED DESCRIPTION OF THE INVENTION

The production of an active matrix display composed
mainly of an organmic EL device 1s described below with ,,
reference to the accompanying drawings.

FIG. 5 schematically shows an example of an organic EL
display wherein pixels 14 are arrayed on a flexible resin film
substrate 10. In the display 12, multiple pixels in three colors
of RGB are arrayed longitudinally and laterally on the rect- 25
angular film substrate 10.

In order to improve mechanical strength, dimensional sta-
bility, and thermal stability, the film substrate included 1n the
display 12 1s usually a so-called biaxially oriented film that
has been stretched 1n two orthogonal directions, because 1f 30
uniaxially orientated resins, such as of PEN (polyethylene
naphthalate) or PET (polyethylene terephthalate), have direc-
tionality 1n their strength and elongation properties. When an
active matrix display i1s produced using a flexible substrate
such as the biaxially oriented film, TFT's have been made with 35
little regard for the directionality of the substrate.

However, biaxial orientation polymers are formed 1nto a
film by a roll-to-roll (R to R) process, and therefore the forces
exerted 1n the longitudinal and 1n the lateral directions are not
equal, which results 1n variations 1n dimensional stability and 40
thermal stability of the film depending on the axial direction.
According to research by the inventors, 1t has been found that,
in the production of a display using a flexible substrate, for
example, when a biaxially oriented PEN or PET film having
a dimension of 200 mmx200 mm 1s used as the substrate, the 45
dimensions of the substrate varied due to heating during
vapor deposition or due to the solvent used in the photolithog-
raphy process, resulting in a difference 1n elongation of about
200 um between the axial directions.

On the other hand, when pixels having a length of several 50
tens to several hundreds of micrometers are formed on a
substrate, the dimensions of the TFT's for individually driving
the minute pixels are even smaller, and the channel length
between the source and drain 1s, for example, of the order of
a few micrometers. Therefore, subtle differences 1n the pro- 55
portional dimensional change of the substrates significantly
aifect the TFT positions and the channel lengths between the
source and drain thereof.

Theretore, 1n consideration of the difference 1n the dimen-
sional change ratio of the flexible substrate, the inventors have 60
found the following fact; when TFTs are formed in such a
manner that the direction of the channel length between the
source and drain of each TFT 1s the direction of the two
orthogonal directions on the substrate 1n which the substrate
has a smaller dimensional change ratio than the other direc- 65
tion, larger connection margins are provided between the
semiconductor layer, source, and drain, and property changes

4

caused by contact failure are prevented, which results 1n the
production of a display with excellent display performance.

<Substrate>

The substrate 10 used 1n the mvention 1s not particularly
limited as long as 1t 1s a tlexible substrate usetul as a display
substrate, and preferable examples thereof include a biaxially
oriented resin {ilm composed of polyester such as polyethyl-
ene terephthalate, polybutylene phthalate, or polyethylene
naphthalate, polystyrene, polycarbonate, polyether sulfone,

polyarylate, polyimide, polycycloolefin, a norbornene resin,
or poly(chlorotrifluoroethylene). These film substrates have
high light transmission property and strength, and thus are
suitable as display substrates.

The thickness of the flexible substrate may be selected
depending on, for example, the intended use of the display,
and 1s preferably from about 50 um to 1 mm, more preferably
from about 100 um to 300 um from the viewpoints of the
strength, light transmission property, and flexibility of the
display substrate.

The flexible resin substrate may appropnately include, for
example, a gas barrier layer for preventing penetration of
moisture and oxygen, a hard coat layer for preventing scratch-
ing of the organic EL device, and an undercoat layer for
improving flatness of the substrate and adhesiveness of the
substrate with the anode.

According to the invention, each TFT 1s formed 1n such a
manner that the direction of the channel length between the
source and drain of the TFT 1s the direction of the two
orthogonal directions on the substrate 10 in which the sub-
strate 10 has a smaller dimensional change ratio than the other
direction. The shape of the gate electrode, source electrode,
and drain electrode, the structure of the organic EL layer, and
the material of the cathode and anode are not particularly
limited, and known materials may be used to compose them.

FIG. 1 shows an example of the structure of one pixel of the
organic EL display produced according to the invention. In
the display as a whole, as shown 1n FIG. 5, the pixels 14 are
arrayed 1n matrix on the flexible substrate 10.

As shown 1n FIG. 1, a buffer layer 26 1s formed on the
flexible substrate 10. A channel layer 28 1s formed on the
butiler layer 26. A gate electrode 32 1s formed on the channel
layer 28 with a gate insulating film 30 between them. A source
region 36 and a drain region 34 are formed in the channel
layer 28 at both sides of the gate electrode 32. Thus, a TFT
(thin film transistor) including the gate electrode 32, the
source region 36, and the drain region 34 i1s formed on the
builer layer 26.

An 1nterlayer insulating film 38 1s formed on the buifer
layer 26 having the TFT formed thereon. A drain electrode 42
connected to the drain region 34 through a contact hole 40,
and a source electrode 46 connected to the source region 36
through a contact hole 44 are individually formed on the
interlayer imsulating film 38.

An interlayer insulating film 48 1s formed on the interlayer
insulating film 38 having the source electrode 46 and the drain
clectrode 42 formed thereon. A contact hole 56 extending to
the drain electrode 42 1s formed 1n the interlayer msulating
{1lm 48.

An organic EL device 23 including a lower electrode (an-
ode) 16 composed of a transparent conductive film such as an
ITO (indium tin oxide) film, an organic EL layer 18, and an
upper electrode (cathode) 22 composed of, for example, an Al
(aluminum) film, or a Mg (magnesium)-Ag (silver) alloy film,
1s formed on the interlayer insulating film 48 having the
contact hole 56 1n the region containing the contact hole 56.
The lower electrode 16 1s electrically connected to the drain
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clectrode 42 of the thin film transistor through the contact
hole 56 formed 1n the interlayer insulating film 48.

The following section describes the method for producing
an organic EL display according to the invention, wherein 1n
the orgamic EL display, pixels driven by TFTs as shown in
FIG. 1 are arrayed on a flexible substrate.

FIGS. 2 to 4 sequentially show the processes for producing,
an organic EL display.

In the first place, a butler layer 26 composed of a silicon
oxide film having a thickness of 300 nm 1s formed by means
of, for example, CVD on a tlexible substrate 10.

Subsequently, a polysilicon film having a thickness of 50
nm 1s formed by means of, for example, CVD on the butler
layer 26. Instead of forming the polysilicon film, an amor-
phous silicon film may be formed and crystallized to make a
polysilicon film by means of, for example, laser annealing.

Subsequently, the polysilicon film 1s patterned by photoli-
thography and dry etching thereby forming a channel layer 28
composed of the polysilicon film (see FIG. 2A).

A silicon oxide film having a thickness of 100 nm 1s formed
by means of, for example, CVD on the butifer layer 26 having,
the channel layer 28 formed thereon.

Subsequently, an AINd (aluminum-neodymium alloy) film
having a thickness of 200 nm 1s formed by means of, for
example, sputtering.

Subsequently, the silicon oxide and AINd films are pat-
terned by means of photolithography and dry etching thereby
forming a gate insulating film 30 composed of the silicon
ox1ide f1lm and a gate electrode 32 composed of the AINd film
on the channel layer 28.

Subsequently, phosphorus 1ons are implanted by means of,
for example, an 10n implantation method, using the gate elec-
trode 32 as a mask to form a source region 36 and a drain
region 34, respectively, in the channel layer 28 at each side of
the gate electrode 32 (see FIG. 2B). The 1on implantation
operation 1s carried out 1n such a manner that the direction of
the channel length between a source electrode 46 and a drain
clectrode 42 (between the source and drain), which will be
tformed later 1n the source region 36 and the drain region 34,
respectively, 1s the direction of the two orthogonal directions
on the substrate 10 1n which the substrate 10 has a smaller
dimensional change ratio than the other direction.

The description that “the direction of the two orthogonal
directions on a substrate 1n which the substrate has a smaller
dimensional change ratio than the other direction” 1s further
described below.

FIG. 10 shows a rectangular flexible substrate 10 com-
posed of, for example, a resin film, wherein the long side
direction (X direction) and the short side direction (Y direc-
tion) are two orthogonal directions. For example, when the
dimensional change ratio in the X direction 1s smaller than
that 1n the Y direction, each TFT 1s formed in such a manner
that the direction of the channel length between the source
and drain 1s along the X direction. The two orthogonal direc-
tions on the substrate 10 are not limited to the longitudinal and
lateral directions on the substrate, and may be arbitrarily
selected. For example, as shown 1n FIG. 10, 1n which C 1s the
substrate center, and the X,, X,, and X, are directions
orthogonaltotheY,,Y,, andY ; directions, respectively, when
the dimensional change ratio of the substrate 10 1s smaller in
the X,, X,, and X, directions than that in their respective
orthogonal directions, each TFT 1s formed 1n such a manner
that the direction of the channel length between the source
and drain of the TFT 1s one of these X, X, or X, directions.

The dimensional change ratio of the substrate may be
determined according to, for example, the temperature to
which the substrate 1s exposed during patterning to form
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RGB. For example, when a TFT 1s patterned by means of dry
ctching, the dimensional change ratio of the substrate 1s deter-
mined on the basis of the difference between the dimensions
at the temperature approximate to the temperature during
vapor deposition on the substrate and the dimensions at room
temperature. More specifically, longitudinal and lateral
lengths of a measurement flexible substrate may be measured
at 20° C. and 80° C. (L., and Ly, respectively), and the
dimensional change ratio (absolute value) expressed by (Lg,—
L., )L,y calculated thereby used to determine 1n advance the
direction of larger dimensional change ratio (a first direction)
and the direction of smaller dimensional change ratio (a sec-
ond direction). After determining the direction of larger ther-
mal dimensional change ratio and the direction of smaller
thermal dimensional change ratio of the flexible substrate,
TFTs and others are formed on flexible substrates which are
produced 1n the same manner as the measurement substrate,
in the predetermined direction. For a resin substrate, these
directions may usually be taken as the biaxial onientation
directions.

As described above, when 1ons are implanted in such a
manner that the direction of the channel length between the
source and drain 1s the direction of the two orthogonal direc-
tions on the flexible substrate 10 1n which the substrate 10 has
a smaller dimensional change ratio than the other direction, a
TFT including a gate electrode 32, a source region 36, and a
drain region 34 1s formed on the buller layer 26.

Subsequently, an interlayer insulating {ilm 38 composed of
a silicon nitride film having a thickness o1 450 nm 1s formed
by means of, for example, CVD on the butifer layer 26. Sub-
sequently, a contact hole 44 extending to the source region 36
and a contact hole 40 extending to the drain region 34 are
formed by means of photolithography and dry etching 1n the
interlayer msulating {ilm 38 (see FIG. 2C). The contact holes
40 and 44 are formed in such a manner that the direction of the
channel length between a source electrode 46 and a drain
electrode 42, which will be formed later, 1s the direction of the
two orthogonal directions on the substrate 10 in which the
substrate 10 has a smaller dimensional change ratio than the
other direction.

Subsequently, a Ti/Al/T1 film composed sequentially of,
for example, a titanium (11) film having a thickness of 150
nm, an Al film having a thickness of 150 nm, and a Ti film
having a thickness of 150 nm 1s formed by means of, for
example, sputtering on the interlayer imsulating film 38 hav-
ing the contact holes 40 and 44.

Subsequently, the Ti/Al/T1 film 15 patterned by means of
photolithography and dry etching thereby forming the source
clectrode 46 and the drain electrode 42 each composed of the
T1/Al/T1film (see F1G. 3A). They are formed 1n such a manner
that the distance between the source electrode 46 and the
drain electrode 42 1s the channel length L, and the direction of
the channel length between the source and drain 1s the direc-
tion of the two orthogonal directions on the substrate 10 1n
which the substrate 10 has a smaller dimensional change ratio
than the other direction.

Subsequently, an interlayer insulating film 48 composed
of, for example, a silicon oxide film having a thickness o1 400
nm 1s formed by means of, for example, CVD on the inter-
layer insulating {ilm 38 having the source electrode 46 and the
drain electrode 42 (see FIG. 3B). The interlayer msulating
f1lm 48 1s not limited to a silicon oxide film, and may be an
inorganic insulating film such as a silicon nitride film, or an
insulating film composed of a resin such as an acrylic resin.

Subsequently, a contact hole 56 extending to the drain
clectrode 42 1s formed by means of photolithography in the
interlayer insulating film 48 (see FIG. 3C).
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A transparent conductive film composed of I'TO having a
thickness of 100 nm 1s formed by means of, for example,
sputtering on the interlayer mnsulating film 48 having the
contact hole 56, and then the transparent conductive film 1s
patterned 1n a rectangular shape for each pixel by means of
photolithography and etching. Thus, a rectangular lower elec-
trode 16 composed of a transparent conductive film 1s formed
on the mterlayer isulating film 48 (see FIG. 4A).

The lower electrode 16 1s electrically connected to the
drain electrode 42 through the contact hole 56. The shape of
the lower electrode 16 1s not limited to rectangle, but may be
selected from various shapes.

Subsequently, an organic EL layer 18 including a hole
injecting layer, a hole transporting layer, and an emitting layer
1s fTormed on the lower electrode 16. The hole injecting layer
may be, for example, a 2-TNATA (4,4'.4"-tris (2-naphth-
ylphenylamino)triphenylamine) film, the hole transporting
layer may be, for example, an a.-NPD (N,N'-dinaphthyl-N,
N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine) {ilm, and the emait-
ting layer may be, for example, an Alg, (tris(8-hydroxy
quinolinate) aluminum) film. For example, a 2-TNATA film
having a thickness of 20 nm, an o.-NPD {ilm having a thick-
ness of 20 nm, and an Alq, film having a thickness of 50 nm
are formed 1n order by means of vacuum deposition through
a vapor deposition mask having an opening of predetermined
size. Thus, the organic EL layer 18 having a hole injecting
layer composed of the 2-TNATA film, a hole transporting
layer composed of the a-NPD film, and an emaitting layer
composed of the Alqg, film 1s formed on the lower electrode 16
(see FIG. 4B).

The organic EL layer 18 1s formed 1n a rectangular shape
having a width larger than that of the lower electrode 16 so
that the organic EL layer covers the lower electrode 16. The
shape of the organic EL layer 18 1s not limited to rectangle,
but may be selected from various shapes according to, for
example, the shape of the lower electrode 16.

When full-color display 1s desired, emitting layers having,
different emission wavelengths must be formed 1n the pixel
region. For example, using a mask having openings corre-
sponding to pixel regions, emitting layers emitting RGB col-
ors, respectively, are formed one by one 1n the order of RGB
by means of vapor deposition with the mask moved at prede-
termined pitches.

When a TFT 1s made as described above, the direction of
the channel length between the source and drain 1s formed in
the direction X of the orthogonal directions on the substrate in
which the substrate 10 has a smaller dimensional change ratio
than the other direction, whereby larger connection margins
are provided between the semiconductor layer and each of the
source and drain, and property changes caused by contact
failure are prevented.

Subsequently, an Al film having a thickness of 30 nm or
less and light transmission property, and a transparent con-
ductive film composed of ITO having a thickness o1 30 nm are
formed 1n order on the interlayer insulating film 48 having the
organic ELL layer formed therecon 18 by means of, for
example, vacuum deposition and sputtering through a mask
having an opening 1n a predetermined shape, and thus an
upper electrode (cathode) 22 1s formed (see FIG. 4C). The
upper electrode 22 1s formed all over the display region where
pixels are arrayed, and serves as a common electrode.

The layer structure, thickness of the films, and emission
colors of the organic EL device 23 are not limited to the
above-described examples, and may be appropnately
selected according to the intended use. Examples of the struc-
ture of the organic EL layer include the following layer struc-
tures, but the invention 1s not limited to them.
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Anode/emitting layer/cathode

Anode/hole transporting layer/emitting layer/electron
transporting layer/cathode

Anode/hole transporting layer/emitting layer/blocking
layer/electron transporting layer/cathode

Anode/hole transporting layer/emitting layer/blocking
layer/electron transporting layer/electron injecting layer/
cathode

Anode/hole 1mjecting layer/hole transporting layer/emat-
ting layer/blocking layer/electron transporting layer/cathode

Anode/hole 1njecting layer/hole transporting layer/emat-
ting layer/blocking layer/electron transporting layer/electron
injecting layer/cathode

The method for forming the emitting layers 1s not limited to
mask vapor deposition, and may be a known method such as
ink jet or printing.

<Sealing Member and Others>

After the upper electrode 22 1s formed, the organic EL
device 1s covered with a sealing member (protective layer)
thereby preventing the deterioration of the organic EL device
caused by moisture or oxygen. The sealing member may be,
for example, glass, metal, or plastic.

After sealing, the anode and cathode are connected to
external wirings (a driving circuit and the like).

As described above, an active matrix organic EL display 12
as shown 1n FIG. 5 1s produced, wherein RGB pixels 14 are
arrayed longitudinally and laterally on the flexible substrate
10. In the thus produced organic EL display 12, the TFTs for
driving the pixels 14 are formed in such a manner that the
direction of the channel length between the sources and
drains thereof are along the direction X, of the two orthogonal
directions on the substrate 10, 1n which the substrate has a
smaller dimensional change ratio of the substrate 10 than the
direction orthogonal to the direction X. The influence of
dimensional change of the substrate 10 caused by heating
during, for example, vapor deposition, may thereby be sup-
pressed to a small amount. More specifically, the above-
described method facilitates improvement 1n the accuracy of
TFT positions, and suppression of variation in the channel
lengths, whereby the active matrix organic EL display 12 may
be produced with small variations in the driving properties
between TFTs. Accordingly, in continuous production of
organic EL displays, application of the invention thereto reli-
ably improves the quality and yield.

<Color Filter System>

The above section has described a system for applying
emitting layers corresponding to different emission colors by
means ol mask vapor deposition. Alternatively, a color filter
system or a color conversion system may be employed.

When a color display with color filters 1s to be provided,
patterning of subpixels corresponding to RGB may be per-
formed by means of, for example, photolithography on a
flexible substrate. The photolithography process includes the
application of a resist to the substrate, exposure, alkali devel-
opment, and removal of the resist with a solvent. The dimen-
s1on of the film substrate tends to vary 1n the photolithography
pProcess.

Therefore, when the photolithography process including
the patterning of pixels on a flexible substrate 1s employed, 1t
1s preferable that TF'Ts be formed 1n such a manner that the
direction of the channel length between the source and drain
of each TF'T 1s the direction of the two orthogonal directions
on the substrate in which the substrate has a smaller dimen-
sional change ratio between before and after the photolithog-
raphy process than the other direction. More specifically, on
the basis of a dimensional change ratio between before and
after the photolithography process, when TFT's are formed 1n
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such a manner that the direction of the channel length
between the source and drain of each TF'T 1s the direction in
which the substrate has a smaller dimensional change ratio
between before and after the photolithography process, larger
connection margins are provided between the semiconductor
layer and each of the source and drain, and property changes
caused by contact failure are prevented.

<Liqud Crystal Display>

The above section has described the production of an
organic EL. display. The invention 1s also suitable for the
production of displays using liquid crystal devices.

Common liquid crystal displays employ a color filter sys-
tem whose production includes a photolithography process.
In an active matrix liquid crystal display, TF'Ts for driving
pixels are formed. Accordingly, in cases where an active
matrix liqud crystal display 1s produced using a flexible
substrate, when TFTs are formed 1n such a manner that the
direction of the channel length between the source and drain
of each TF'T 1s the direction of the two orthogonal directions
on the substrate in which the substrate has a smaller dimen-
sional change ratio between betfore and after the photolithog-
raphy process than the other direction, larger connection mar-
gins are provided between the semiconductor layer and each
of the source and drain, and property changes caused by

contact failure are prevented.
<Electronic Paper>
The mvention 1s also suitable for the production of elec-

tronic paper using TFTs. Electronic paper 1s required to
include tlexible transistors for the active matrix system. In
recent years, attention 1s being given to organic TFT's includ-
ing an organic material or the like as a semiconductor. In cases
where electronic paper 1s produced, when TEFTs are formed 1n
such a manner that the direction of the channel length
between the source and drain of each TFT 1s the direction of
the two orthogonal directions on the substrate in which the

substrate has a smaller dimensional change ratio than the

other direction, larger connection margins are provided
between the semiconductor layer and each of the source and
drain, and property changes caused by contact failure are
prevented.

<Formation of Plural TFTs for One Pixel>

There are cases, for example, 1n an active matrix organic
EL display, as shown in FIG. 9, where one pixel includes a
switching TFT 92 and a driving TFT 94, and includes three or
more TFTs. In cases where plural TFTs are formed for one
pixel, it 1s preferable that all the TFTs are formed 1n such a
manner that the direction of the channel length between the
source and drain of each TFT 1s the direction of the two
orthogonal directions on the substrate 1n which the substrate
has a smaller dimensional change ratio than the other direc-
tion. However, for example, 1n a two transistor system (con-
ductance controlled grayscale), the defects 1n the contact of
the driving TFT 94 are more influential than those of the
switching TFT 92. Therefore, when at least the driving TET
94 1s formed 1n such a manner that the direction of the channel
length between the source and drain of the TFT 1s the direc-
tion of the two orthogonal directions on the substrate in which
the substrate has a smaller dimensional change ratio than the
other direction, larger connection margins are provided
between the semiconductor layer and each of the sources and
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drains, and property changes caused by defects in the contact
are prevented, thereby deterioration of the image quality may
be suppressed.

Furthermore, on the substrate 10, for example as shown 1n
FIG. 10, the channel directions of the driving TFT 94 and
switching TF'T 92 may be formed 1n the X or X, directions.

The 1nvention has been described above, but the invention
1s not limited to the above-described exemplary embodi-
ments. For example, the flexible substrate 1s not limited to a
biaxially oriented film, and may be a film substrate formed by
other production method.

In addition, the active matrix display according to the
invention may be of bottom emission or top emission type,
and, for example, may be an organic EL. display including a
multi-photon emission device including plural laminated
organic EL layers. The invention 1s also applicable to the
production of another active matrix displays including, for
example, an morganic EL device, a plasma device, or an
clectrophoresis device. The ivention 1s not limited to a tull-
color display, and 1s also applicable to, for example, the
production of an area-color display, double-sided display, or
one-side display.

The foregoing description of the embodiments of the
present invention has been provided for the purposes of 1llus-
tration and description. It 1s not intended to be exhaustive or
to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described 1n order to best explain the principles of the
invention and 1ts practical applications, thereby enabling oth-
ers skilled 1n the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It 1s intended that the
scope of the invention be defined by the following claims and
their equivalents.

All publications, patent applications, and technical stan-
dards mentioned 1n this specification are herein incorporated
by reference to the same extent as 11 each individual publica-
tion, patent application, or technical standard was specifically
and individually indicated to be incorporated by reference.

What 1s claimed 1s:

1. A display comprising a tlexible substrate, TFT's arrayed
on the substrate, and a plurality of pixels arrayed on the
substrate and independently driven by the TFTs,

wherein the tlexible substrate has a difference 1n a thermal

dimensional change ratio between two orthogonal direc-
tions consisting of a direction of a channel length
between a source and drain of each TFT and a direction
orthogonal to the direction of the channel length on the
substrate, the thermal dimensional change ratio being an
absolute value expressed by (L,-L,,)/L,, 1n which L,
and L, are lengths of the substrate measured at 20° C.
and 80° C. with respect to one of the two orthogonal
directions of the substrate, respectively, and

wherein the direction of the channel length between the

source and drain of each TF'T 1s along a direction, from
among the two orthogonal directions on the substrate, 1n
which the substrate has a smaller thermal dimensional
change ratio than the other direction.

2. The display of claim 1, wherein the TFTs comprise a
switching TFT and a driving TFT, and the direction of the
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channel length between the source and drain of at least the
driving TFT 1s along the direction, from among the two

orthogonal directions on the substrate, 1n which the substrate
has a smaller thermal dimensional change ratio than the other
direction.

3. The display of claim 1, wherein the display comprises an
organic EL device.

4. The display of claim 1, wherein the display comprises a
liquad crystal device.

12

5. The display of claim 1, wherein the display comprises
clectronic paper.

6. The display of claim 1, wherein the substrate 1s a biaxi-
ally oriented film.

7. The display of claim 6, wherein the biaxially oriented
film 1s a polyethylene naphthalate film or a polyethylene
terephthalate film.
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